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OPTICAL SENSITIZATION AND DEVELOPMENT 
OF LIQUID CRYSTALLINE DEVICES 

BACKGROUND OF THE INVENTION 

This invention relates to electro-optical elements 
containing a photoconductive layer and a liquid crys 
talline layer, and more particularly to improving the 
sensitivity of such electro-optical elements by including 
an insulating layer in contact with the free side of said 
photoconductive layer. . 
As described in U.S. Pat. No. 3,592,527, it has been 

found that useful visual display devices can be pro 
duced which contain as a visual image forming element 
thereof a multilayer structure composed of a layer or 
?lm of a liquid crystalline material overlying a layer of 
a photoconductive composition. ~ 

The photoconductive properties of conventional 
photoconductive materials and layers containing pho 
toconductive materials have been described in detail in 
the literature, for example, Schaffert, Electrophotogra 
phy, published by Focal Press Limited, 1965. One 
property of photoconductors is the creation of primary 
current under the influence of an applied ?eld when 
the photoconductive material is struck by photons of 
light. I-leretofore, it has been generally felt necessary 
that ohmic contact, i.e., a reservoir of charge at a met 
al-photoconductor interface, must be present in order 
to obtain a quantum ef?ciency greater than 1 wherein 
photoconductive current greater than the primary cur 
rent (commonly called gain photocurrent) is obtained. 
Further, it has been generally felt that with a blocking 
contact to the photoconductor, e.g., a non-ohmic 
contact with a Schottky barrier at the metal-photocon 
ductor interface, photoconductive gains greater than 
unity could not be achieved. See, for example, “Photo 
conductive Gain Greater than Unity in Cadmium Sele 
nide Films with Schottky Barriers at the Contacts,” R. 
R. Mehta and B. S. Sharma, J. Appl. Phys., 44, l, Janu 
ary, 1973 ' 

According to this article, the authors were able to 
achieve a photoconductive gain greater than unity with 
gold electrodes in contact with the photoconductor 
wherein the gold contacts were determined to be non 
ohmic with a Schottky energy barrier between the elec 
trode and the photoconductor and wherein the radia 
tion utilized was bandgap radiation of the photocon 
ductor. No insulating layer was deliberately inserted 
between the gold electrode and photoconductor. 
Conduction through a physical, electrically insulating 

barrier is reported in “Thermally Assisted Tunneling in 
Dielectric Films,”G. G. Roberts and .l. I. Polanco, Phys. 
Stat. Sol. (0), l, 409 (1970). In the latter. article, the 
authors reported ?ndings in the characteristic relation 
ship between current?ow in, and voltage applied to, an 
insulating organic layer sandwiched between two elec 
trodes. No photoconductive layer is utilized and no 
mention of gain photocurrent. 
Conduction through a semi-conductor layer adjacent 

a few-atoms-thin layers of insulating materials is theo 
retically presented in “The Physical Review B,”F. 
Schmidlin, l, 4, pages 1583-1587 (1970). 

U.S. Pat. No. 3,732,429 discloses the use of an inor 
ganic insulating layer in contact with a photoconductor 
in order to obtain a higher dark impedance in conjunc 
tion with a liquid crystalline layer. All three layers are 
sandwiched between electrodes. 
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In new and growing areas of technology, new meth 
ods, apparatus, compositions and articles of manufac 
ture are often discovered for the application of the new 
technology in a new mode. The present invention re 
lates to a new and advantageous method for providing 
increased current ?ow from a photoconductor into and 
through a liquid crystalline layer thereby allowing the 
utilization of less light in optically imaging electro-optic 
devices containing a photoconductive layer in contact 
with the liquid crystalline layer wherein the liquid crys 
talline layer undergoes electro-optical changes due to 
current or charge ?ow. That is, the optical sensitivity of 
such systems is increased. 

SUMMARY OF THE INVENTION 

It is, therefore, an object of the invention to provide 
increased optical sensitivity to electro-optic devices 
containing a photoconductive layer in contact with a 
liquid crystalline layer. 

It is another object of this invention to provide a 
novel method of imaging said electro-optic devices. 

It is yet a further object of this invention to provide a 
novel method of developing said electro-optic devices. 
The following objects and others accomplished in 

accordance with the present invention by providing an 
insulating layer in contact with the free side of the 
photoconductive layer, the photoconductive layer hav 
ing its other side in contact with a liquid crystalline 
layer, all three layers being placed between a pair of 
electrodes. The thickness ratio of the photoconductive 
layer to the insulating layer is at least about 10 to 1. 
Surprisingly, it has been found that charge from the 
primary current within the photoconductor accumu 
lates at the photoconductorinsulator interfaces. This 
charge accumulation creates an electrical ?eld which is 
suf?cient to cause tunneling of charges from the elec 
trode in contact with the insulating layer into the insu 
lating layer and through the electro-optical device. This 
tunneling charge presents a gain in photocurrent in 
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nomena is utilized in accordance with the present in 
vention to provide a novel method of imaging these 
devices and a novel method of developing these de 
vices. 

In accordance with the method of the present inven 
tion, a biasing light of an intensity insufficient to sub 
stantially immediately create the gain photocurrent is 
utilized to create a primary photocurrent which in time 
causes the accumulation of charges to build up to the 
threshold point where gain photocurrent is about to be 
promoted. This biasing light is then turned off and, in 
effect, has sensitized the electro-optic device because a 
small quantity of light subsequently striking the photo 
conducter will create enough additional charge accu 
mulation to gate or initiate gain photocurrent. The gain 
photocurrent produced by the subsequent light ?ows 
through the liquid crystalline layer thereby changing at 
least one of its electro-optical properties. In accor 
dance with the method of the present invention, the 
imagewise optical input can be provided either in the > 
form of the biasing light or in the form of the subse 
quent gating light. In the former case, the imagewise 
con?gured biasing light creates. an electrical ?eld 
across the insulating layer due to an- accumulation of 
charges at the interface of the insulating layer and 
photoconductive layer in imagewise con?guration cor 
responding to the con?guration of the biasing light. 
This accumulation of charges is, in effect, a latent 
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image because when a subsequent uniform gating light 
strikes the photoconductor, the threshold value of 
charge accumulation suf?cient to initiate gain photo 
current will occur only in those areas previously accu 
mulating charge due to the imagewise con?gured bias 
ing light. 
On the other hand, the biasing light may be uniformly 

directed upon the electro-optical device and the inter 
face between the insulating layer and photoconductive 
layer can therefore be uniformly brought to the level of 
accumulated charge whereat gain photocurrent is 
about to be initiated upon subsequent illumination by 
the gating light. In this case, however, the subsequent 
gating light is in imagewise con?guration and initiates 
gain photocurrent in regions of the insulating layer 
photoconductive layer interface corresponding to the 
con?guration of the subsequent gating light. 

In the latter case, the electro-optical device is ?rst 
sensitized uniformly and then imagewise developed due 
to the creation of gain photocurrent. In the former 
case, the electro_optical device is ?rst latently imaged 
and then subsequently developed by uniform exposure 
to a gating light which “develops out" only the image 
wise sensitized areas of the electro-optical device. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a better understanding of the invention as well as 
other objects and further features thereof, reference is 
made to the following detailed disclosure of the pre 
ferred embodiments of the invention taken in conjunc 
tion with the accompanying drawings thereof, wherein: 
FIG. 1 is a graphical illustration of a representative 

plot of the behavior of photocurrent versus time in 
relation to excitation light which occurs in the photo 
conductive layer in contact with an insulating layer 
which is utilized in the practice of this invention. 
FIG. 2 is a schematic illustration of an electro-optical 

device of the type comprising a photoconductive layer 
in contact with a liquid crystalline layer which is im 
proved in accordance with the practice of this inven 
tion by the addition of an insulating layer which in 
creases the sensitivity of the electro-optic device. 
FIG. 3 is a block diagram of the general steps utilized 

in the method of the present invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Gain Photocurrent Effect 

FIG. 1 generally illustrates the typically observed 
photocurrent behavior in time in conjunction with an 
excitation light. This behavior is surprisingly observed 
when an insulating layer is placed in contact with the 
photoconductive layer (the thickness ratio of photo 
conductive to insulating layer being at least about 10 to 
l) and the combined layers are sandwiched between 
two electrodes, and, this effect is typically observed 
when a liquid crystalline layer is inserted between the 
photoconductive layer and the electrode with which 
the photoconductive layer was previously in contact. 
At time equal to, the excitation light is turned on and 
one observes a steady state primary photocurrent. At 
time equal t1, the photocurrent enters into the gain 
mode and increases until it reaches a maximum gain 
current. At time equal 12, the excitation light is turned 
off; the current decreases, eventually returning back to 
the original current level. Through experimentation, it 
has been determined that the total charge conducted 
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4 
through the photoconductor before the onset of the 
gain photocurrent or secondary current is substantially 
constant and is not signi?cantly affected by variations 
in thicknesses of the layers, the value of the applied 
voltages, the value of the light intensities, and the iden 
tity of the photoconductive materials. On the other 
hand, the total primary current charge accumulated 
prior to the onset of gain photocurrent has been ob 
served to be variable with, or affected by, the work 
function of the insulating layer material, and tempera 
ture. It should be mentioned that for temperatures in 
the range of about 0° to about 20°C the amount of total 
primary current accumulated prior to the onset of gain 
photocurrent becomes larger. Also, at temperatures 
from about 40°C to about 60°C the amount of total 
primary current charge accumulated prior to the onset 
of gain photocurrent becomes smaller than the value at 
room temperature. 
The amount of charge accumulation at 2, due to 

primary current is referred to herein as the “charge 
threshold for gain photocurrent’? 

It has been observed through experimentation that 
the gain photocurrent is signi?cantly affected by the 
work function of the electrode in contact with the insu 
lating layer, the identity of the insulating material but 
not the thickness of the insulating layer; the applied 
electrical ?eld, the identity of the photoconductive 
material; the intensity of excitation light; and, tempera 
ture. The variation of gain photocurrent with these 
parameters are illustrated in the examples set forth 
below. 

In operation, the gain photocurrent can be provided 
by applying a voltage across the electro-optic device 
and while the voltage is applied, impinging said device 
with light having a wavelength within the fundamental 
absorption band of the photoconductive material in the 
photoconductive layer and which excites a primary 
photocurrent in the photoconductive layer. So long as 
a primary current is created in the photoconductive 
layer by impingement of the excitation light, the inten 
sity of the excitation light and the magnitude of the 
applied voltage can be any preselected value desired. 
Eventually, with time, the total primary current charge 
accumulated will become sufficiently great to initiate 
gain photocurrent. That is, the “charge threshold for 
gain photocurrent” is reached. These matters are de 
scribed in more detail in an Application for Patent 
entitled “Injection Current Device and Method” by 
Simpei Tutihasi, U.S. Ser. No. 489,285, ?led July l7, 
1974. 
In accordance with the present invention, an electro 

optic device comprising a photoconductive layer in 
contact with a liquid crystalline layer is imaged with 
increased sensitivity by including an insulating layer in 
contact with the photoconductive layer and an elec 
trode; the photoconductive layer being at least about 
10 times as thick as the insulating layer; and, sequen 
tially impinging the electro-optic device with two lights. 
The ?rst light is referred to herein as the “biasing light” 
which impinges the electro-optic device until the total 
primary photocurrent charge accumulated is at, but 
just below, the charge threshold for gain photocurrent. 
At this point, the biasing light is turned off. Subse 
quently, the electro-optic device is struck with a second 
light which is herein referred to as a “gating” light. The 
function of this gating light is to initiate gain photocur 
rent by bringing the total primary current charge accu 
mulated to at least the value of the charge threshold for 
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gain photocurrent. 
The nature of the sensitivity which is im parted to the 

electro~optic device by the inclusion of such an insulat 
ing layer is that of quantum gain. Light is physically 
viewed as possessing the characteristics of wave motion 
and energy particles. The characteristic of an energy 
particle is generally attributed to the photon quantum 
light. Generally speaking, when a photon quantum of 
light strikes a photoconductive material; one pair of 
charge carriers constituting a negative charge and a 
positive charge is created. Typically, one of the charge 
carriers of the pair charge carriers moves in the photo 
conductor when the photoconductive material is sub 
jected to an electrical ?eld. It has been found that when 
light strikes a photoconductor, one photon quantum of 
light is required to generate one pair of charge carriers. 
Thus, the maximum quantum efficiency, expressed as 
the number of charge carrier pairs created per photon 
quantum of light has a maximum value of 1. Typically 
the quantum ef?ciency is less than l.' 
The inclusion of an insulating layer having the requi 

site relative thickness to the photoconductive layer, 
and utilized in accordance with the practice of this 
invention allows the buildup of charges from the pri 
mary photocurrent until the accumulation is suffi 
ciently great to strip charges from the electrode in 
contact with the insulating layer and gives them such a 
velocity that the charges travel through the electro-op 
tic device and the associated electrical circuitry. This 
phenomena is referred to as tunneling and is believed 
to involve the phenomena of thermally assisted tunnel 
ing. The tunneling charges make many loops through 
the electro-optic device and associated circuitry and 
therefore provide an effective quantum efficiency 
many times that of unity. In this sense, then, the sensi 
tivity of the electro-optic device is increased since 
there is more charge ?ow through the electro-optic 
device per photon quantum of light. This tunneling of 
charges through the device is what provides the gain 
photocurrent. 

The Electro-Optic Device 
Referring now to FIG. 2, the electro-optic device 

utilized in the present invention is generally repre 
sented as 10. The device comprises electrodes 1 and 4, 
insulating layer 2, liquid crystalline layer 7, and photo 
conductive layer 3. 

Electrodes l and 4 may comprise any suitable mate 
rial which allows the provisioning from voltage source 
5 of an electrical ?eld across insulating layer 2, photo 
conductive layer 3, and liquid crystalline layer 7. Typi 
cal suitable materials include metals such as platinum, 
aluminum, gold, copper, indium, gallium; and conduc 
tive metal oxides such as, for example, tin oxide, in 
dium oxide; and insulating substrates coated with con 
ductive layers such as NESA glass comprising a thin 

' coating of tin oxide over glass and commercially avail 
able from Pittsburgh Plate and Glass Company. Any 
suitable electrode material can be utilized. However, in 
particularly preferred embodiments of the invention 
when characteristics of the photoconductive layer, 
electrodes and insulating layer are preferably matched 
in order to provide even a greater gain in photocurrent, 
the work function of the electrode material is selec 
tively chosen to match the characteristics of the photo 
conductive layer and the insulating layer. This is not 
required in order to practice the invention, nor is it of 
major consequence with respect to the electrode in 

contact with the liquid crystalline layer. However, 
when greater or optimum gain photocurrent is desired, 
it is useful to ensure that the electrode in contact with 
insulating layer does have an appropriate work func 
tion value in the particular insulating layer and photo 
conductive layer utilized. "Work function" or deriva 
tions thereof is used herein to the conventional sense 
well known to those skilled in the art; and “high work 
function" is used herein to designate materials which 
have a work function at or above 4.5 eV while “low 
work function" is used herein to refer to materials 
which have a work function below about 4.5 eV. The 
electrode through which the biasing and the gating light 
pass in impinging upon the device should be at least 
partially transparent to such light. Semi-transparent 
electrodes, that is, those sufficiently thin to allow about 

' 50% of the light striking the electrode to pass through 

20 

25 

35 

40 

45 

50 

55 

60 

65 

the electrode are satisfactory. 
. Insulating layer 2 can comprise any suitable electri 

cally insulating material. Such layers may include insu— 
lating inorganic materials such as, for example, metallic 
oxides which are nonconductive and may include insu 
lating organic materials. Any suitable insulating or 
ganic material may be used. Typical insulating organic 
materials include: poly(2-propene-anthracene), po 
ly(2-vinyl-anthracene), poly[ l-( 2-anthryl)ethylmetha 
crylate], phenoxy resin — a high molecular weight 
thermoplastic copolymer of bisphenol A and epichloro 
hydrin having the basic molecular structure - 
[OC6H4C(CH3)2C8H4OCH2CH(OH)CH21,, where n is 
equal to about 100 (the foregoing material being repre 
sentative of insulating materials having a low ionization 
potential of below about 8 eV) polystyrene, polyvinyl 
carbazole, polyethylene, polycarbonate resins such as, 
for example, LEXAN -— a thermoplastic carbonate 
linked polymer produced by reacting bisphenol A with 
phosgene, available from General Electric Company, 
the various parylenes such as poly-para-xylylene and 
poly-monochloro-paraxylylene, a 65/35 weight percent 
copolymer of styrene and n-butylmethacrylate, a 70/30 
weight percent copolymer of styrene and hexylmetha 
crylate (the foregoing being representative of insulat 
ing materials having “high” electron affinity of above 
about l.5 eV). 

It will be understood, of course, that any suitable 
insulating layer may be used regardless of the value of 
its ionization potential. However, for particularly pre 
ferred embodiments mentioned above and which will 
be described below, the ionization characteristics of 
the material utilized in the insulating layer 2 is appro 
priately matched with the characteristics of the photo 
conductive layer and the work function of the elec 
trodes. Other typical suitable insulating materials for 
insulating layer 2 include: classes of materials such as 
polystyrenes, alkyd substituted polystyrenes, polyole 
?ns, styrene acrylic copolymers, styrene-ole?n copoly 
mers, silicone resins, phenolic resins, and organic 
amorphous glasses. Typical suitable materials include 
Staybelite Ester 10, a partially hydrogenated rosin es 
ter, Fora] Ester, a hydrogenated rosin triester, and 
Neolyn 23, an alkyd resin, all from Hercules Powder 
Co., SR 82, SR 84, silicone resins, both obtained from 
General Electric Corporation; Velsicol X-37, a polysty 
rene~olefin copolymer from Velsicol Chemical Corp.; 
hydrogenated Piccopale 100, a highly branched poly 
ole?n, HP-IOO, hydrogenated Piccopale 100, Piccotex 
100, a copolyer of methyl styrene and vinyl toluene, 
Piccoelastic A-72, 100 and 125, all polystyrenes, Pic 
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codiene 2215, a polystyrene-ole?n copol-ymer, all from 
Pennsylvania industrial Chemical Co., Araldite 6060 
and 6071, epoxy resins of Ciba; Amoco 18, a poly 
alpha-methylstyrene from Amoco Chemical Corp; 
ET-693, and Amberol ST, phenol-formaldehyde resins, 
ethyl cellulose, and Dow C4, a methylphenylsilicone, 
all from Dow Chemical; R5061A, a phenylmethyl sili~ 
cone resin, from Dow Coring; Epon 1001, a bisphenol ' 
epichlorohydrin epoxy resin, from Shell Chemical 
Corp.; and PS-2, PS-3, both polystyrenes, and ET~693, 
a phenol-formaldehyde resin, from Dow Chemical; and 
Nirez 1085 a polyterpene resin, available from Ten 
neco Corporation under that tradename. 
Photoconductive layer 3. may comprise any suitable 

photoconductive material. Typical suitable photocon 
ductive materials include photoconductive inorganic 
materials and photoconductive organic materials. Typi 
cal suitable inorganic photoconductive materials in 
clude sensitized zinc oxide, for example, sensitized by 
the addition of Rodamine Dye, available from Dupont, 
selenium, selenium alloy with arsenic such as, for ex 
ample, arsenic triselendide, tellurium, antimony or 
bismuth; cadmium sul?de, cadmium sulfoselenide, and 
the many other typical suitable inorganic photoconduc 
tive materials listed in U.S. Pat. No. 3,121,006 to Mid 
dleton et al and listed in U.S. Pat. No. 3,288,603, both 
of which patents are hereby incorporated by reference. 
Typical suitable organic photoconductive materials 
include, for example, the combination of 2,5-bis(p 
aminophenyl)-l, 3,4-oxadiazole available under the 
trademark TO 1920 from Kalle and Company, Weis 
baden-Biebrich, Germany and Vinylite VYNS, a co 
polymer of vinyl chloride and vinyl acetate, available 
from Carbide and Carbon Chemicals Company; and 
the combination of 2,4,7-trinitro-9-fluorenone to poly 
vinylcarbazole, available under the trademark Luvican 
170 from Winter, Wolf and Company, New York, New 
York. The thickness of the photoconductive layer 3 is 
not critical to the practice of the invention and any 
thickness which provides gain photocurrent may be 
utilized. 
As previously stated, any combination of materials 

for electrodes 1 and 4, insulating layer 2 and photocon 
ductive layer 3 may be utilized to obtain gain photocur 
rent in accordance with the present invention. How 
ever, enhanced results are obtained in particularly pre 
ferred embodiments when the characteristics of the 
electrodes, insulating layer and photoconductive layer 
are matched. The matching of these characteristics are 
as follows. When the photoconductive material prefer 
entially conducts positive charge or holes to a greater 
extent that it conducts negative charge or electrons, 
then the electrode material isypreferentially selected to 
have a high work function greater than about 4.5 eV 
and the insulating layer preferentially has a low ioniza 
tion potential of below about 8 eV. On the other hand, 
when the photoconductive layer preferentially con 
ducts electrons to a greater extent than it conducts, 
holes, then the electrode preferentially has a low work 
function of below about 4.5 eV and the insulating layer 
preferentially has a high electron affinity greater than 
about 1.5 eV. 
Exemplary photoconductive materials which prefer-v 

entially conduct positive charges over negative charges 
include, for example, the photoconductive alloys such 
as, for example, arsenic triselenide and organic materi 
als such as, for example, sensitized polyvinyl carbazole 
with selenium or selenium alloys or dyes. Exemplary 
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examples of photoconductive materials which prefer-_ 
entially conduct negative charges over positive charges 
include sensitized zinc oxide in a binder and photocon 
ductive sulfur containingcompounds such as, for ex 
ample, cadmium sul?de and cadmium sulfo-selenide. 
Ambipolar photoconductive materials, that is, those 
which conduct positive and negative charges with equal 
facility and exhibit no preferential conduction include, 
for example, selenium and selenium alloys doped with 
small amounts of arsenic, and-polyvinyl carbazole con 
taining a large amount of 2,4,7-trinitro-9-?uorenone. 
As indicated above, ambipolar materials may be satis 
factorily employed in the practice of the present inven 
tion. ‘ 

Liquid. crystalline layer 7 may comprise a layer of any 
suitable liquid crystalline material or composition 
which has at least one optical property or characteristic 
which changes when such liquid crystalline material or 
composition is subjected to voltage. Such liquid crystal 
line materials include any liquid crystalline imaging 
layer or system which can be imaged by application of 
a voltage which subjects the layer to either an electrical 
?eld, current or charge carrier flow, or the capture of 
charges such as, for example, that of U.S. Pat. No. 
3,645,729, hereby incorporated by reference. 1 
The changes in- liquid crystalline materials brought 

about by current flow include dynamic scattering typi 
cally associated with nematic liquid crystalline materi- ' 
als; turbulent‘ scattering typically associated with cho 
lesteric liquid crystalline - materials. and mixtures of 
nematic and cholesteric liquid crystalline materials; the 
texture change in-a cholesteric: liquid crystalline'mate 
rial from the Grandjean texture to the focal-‘conic tex 
ture upon cessation of current ?ow; and, the formation 
of Williams Domains in nematics and domains similar 
to Williams Domains in mixtures of nematics and cho 
lesterics. Such domains are well known to those skilled 
in the art and are known to possess a periodicity suit 
able for the di?raction of light. ‘ 
Typical suitable liquid crystalline ?eld-effects in 

clude, for example, the optically negative to optically 
positive phase transformation disclosed in_U.S. Pat. No. 
3,652,148 hereby incorporated by reference; the 
twisted nematic to nematic transformation disclosed in 
U.S. Pat. No. 3,731,986, hereby incorporated by refer 
ence; the Grandjean to focal-conic texture transforma 
tion disclosed in U.S. Pat. No. 3,642,348, hereby incor 
porated by reference; and the- nematic ?eld-effects 
such as, for example, the uniaxial to biaxial transforma~ 
tion disclosed in U.S. Pat: No. 3,687,515, hereby incor 
porated by reference. Generally speaking, liquid crys 
talline ?eld-effects are obtained in accordance with the 
practice of the present invention provided (1) the pho 
toconductor has a dark resistance suf?ciently greater 
than that of the liquid crystalline material such that the 
electrical ?eld which resides across the liquid crystal 
line material in the dark is below that resuired for imag 
ing, and (2). in the- presence of light, the resistance of 
the photoconductor is decreased to a value sufficiently 
low such that an electrical ?eld is produced across the 
liquid crystalline material sufficient to produce the 
?eld-effect. . 

Further, the liquid crystalline materials and composi 
tions, including the mixtures of smectic and cholesteric‘ 
liquid crystalline materials which undergo the texture 
change in‘ U.S. Pat. No. 3,671,231 can be utilized'and 
can, as described therein, include a change in the trans 
lucency of the liquid crystalline imaging material, a 
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change of color of the transformed areas, or by a 
change in the optical characteristics, such as birefrin 
gence, optical acitivity, and circular dichroism, of the 
liquid crystalline composition. 
Compositions involving a texture change are suited 

for viewing, typically with re?ected light; however, 
where the device of FIG. 2 is provided in substantially 
transparent form, the compositions having texture 
changes can be viewed in transmission. 

In summary, the liquid crystalline layer 7 of the elec 
tro-optic device of FIG. 2, herein, can comprise any of 
the liquid crystalline materials and compositions enu 
merated in the above-referenced patents. Accordingly, 
dynamic scattering, turbulent scattering, Grandjean to 
focal-conic texture changes including either optically 
active nonmesomorphic materials or smectics or ne 
matics, or mixtures thereof, can be imaged by the 
method of the present invention. 
The method of the present invention images liquid 

crystalline layer 7 by creating a gain photocurrent in 
imagewise con?guration which alters the amount of 
current and the electrical ?eld across the liquid crystal 
line layer. Since the gain photocurrent is created herein 
by impinging the imaging device of FIG. 2 sequentially 
with a biasing light and then a gating light, it will be 
appreciated that either the biasing light or the gating 
light can be in imagewise con?guration. 

Since, as described herein, the phenomenon of pri 
mary photocurrent charge accumulation occurs with 
the pulsed light as well as continuously impinging light, 
the biasing light may be either pulsed or continuous. 
Similarly, since the gating light causes the accumula 
tion of additional charges which together with the 
charges accumulated due to the biasing light at least 
equals or exceeds the charge threshold for gain photo 
current, the gating light may be either pulsed or contin 
uous. 

Excitation light 6 of FIG. 2 may be directed to im 
pinge the device by passing same through either of 
electrodes 1 and 4. Of course, the electrode through 
which the excitation light 6 passes should be at least 
partially transparent to said light. Excitation light 6 is 
representative of both the biasing light and the gating 
light, should be within the fundamental absorption 
band of the photoconductive material of photoconduc 
tive layer 3 and should excite a primary photocurrent 
within photoconductive layer 3. Since the baasing light 
and the gating light have these characteristics in com 
mon, both may be provided by a single light source. 
However, they are not functionally equivalent in the 
method of the present invention because the function 
of the biasing light is to bring the device up to about the 
charge threshold for gain photocurrent whereas the 
gating light causes the device to achieve the charge 
threshold for gain photocurrent and thereby initiate 
gain photocurrent. 
As previously described above, the biasing light may 

uniformly impinge the device of FIG. 2 to thereby “sen 
sitize” the device and allow rapid onset of gain photo 
current by subsequent impingement of gating light. For 
example, the device of FIG. 2 .can be thus sensitized 
and imaged by a cathode ray tube (CRT). The response 
to the CRT of any other intense, short duration light 
source would be rapid because light given off by the 
phosphorous screen of the CRT or given off by other 
light sources would be sufficient to rapidly bring the 
sensitized device up to gain photocurrent. 
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Alternatively, as previously described above, the 

biasing light may be in imagewise con?guration and 
thereby bring only imagewise con?gured portions of 
the device up to about the charge threshold for gain 
photocurrent. The gating light is then uniformly im 
pinged upon the device and the portions of the device 
which were subjected to the imagewise con?gured 
biasing light are brought at least to the charge threshold 
for the onset of gain photocurrent. 

Further, it is to be noted that the voltage source 5 in 
FIG. 2 is schematically illustrated as a DC. voltage 
source. The advantageous gain photocurrent according 
to the practice of the present invention is provided only 
by the utilization of a direct current voltage source. An 
alternating current voltage source does not provide the 
gain photocurrent of the present invention because the 
oscillation of charges does not result in the buildup of 
the critical electrical ?eld at t, (FIG. 1) required for the 
tunneling of electric charge through the insulating layer 
and the entire device. The voltage source 5 polarity is 
connected to the electrodes 1 and 4 in a manner that 
causes the more mobile charge carrier of the pairs of 
charge carriers created by excitation light impinging 
the photoconductive layer to move away from the insu 
lating layer. That is, in FIG. 2, the polarity is connected 
such that the mobile charge carrier moves away from 
the electrode 1 and towards electrode 4. Thus, when 
the photoconductor utilized preferentially conducts 
positive charge then the negative polarity of voltage 
source 5 is connected to electrode 4; conversely, when 
the photoconductor employed preferentially conducts 
negative charges, then the positive polarity of the volt 
age source 5 is connected to electrode 4. It is to be 
noted that when the cholesteric Grandjean to focal 
conic change is imagewise provided, care should be 
taken that the applied voltage is turned off subsequent 
to texture transformation in order to prevent a spread 
ing of the image. That is, imagewise texture trans 
formed regions of imaging layer 7 grow larger in time 
subsequent to their creation. Accordingly, it is pre 
ferred that the voltage be turned off at an appropriate 
time after the texture transformation. This growth is 
believed to be attributable to texture transformations 
of the non-image areas immediately adjacent the image 
areas. . 

The following examples de?ne speci?c aspects of the 
present invention and include illustrations of various 
preferred embodiments thereof. Parts and percentages 
are by weight unless otherwise indicated. 

EXAMPLE I 

A gain photocurrent device is prepared as follows: 
Glass substrates overcoated with a thin, transparent 

indium oxide conductive layer are utilized as electrodes 
1 and 4. These electrodes are prepared by cleaning 
with a solution of Alcanox in an ultrasonic bath for 
about 30 minutes. This cleaning is followed by an about - 
5 minute rinsing in running hot water and then in an 
about 5 minute rinsing in running de-ionized water. 
The electrodes are subsequently air-dried for 1 hour in 
an oven at about 60° C. 
A phenoxy insulating layer is next applied over the 

indium oxide layer of one of the electrodes by dip coat 
ing. The thickness of the phenoxy layer is controlled by 
varying the concentration of a phenoxy resin solution 
comprising 2-methoxyethyl acetate and methyl ethyl 
ketone. A 1 to 1 volume ratio of the two solvents is 
utilized and the phenoxy resin is added in an amount 
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which constitutes about 0.3 weight percent of the re 
sulting solution. The electrode to be coated is dipped in 
the solution and withdrawn at a rate of about 5.6 centi 
meter per minute. The resulting thickness of the phe 
noxy insulating layer is determined by multiple beam 
interferrometry, transmission electron microscopy, and 
UV. absorption measurements to be about 100A. 
An arsenic trisel enide photconductive layer is then 

deposited over the phenoxy insulating layer by vacuum 
evaporation. The phenoxy coated electrode is ?rst 
baked out in a vacuum of about l X 10'5 Torr by radia 
tion heating at about 85° to about 90° C for about 1 
hour. The arsenic triselenide is evaporated from a 
“Knudsen cell’‘ type tantalum boat. The thickness of 
the photoconductor layer is controlled by the amount 
of photoconductive material placed in the boat. A re 
volving wheel to which the phenoxy coated electrode is 
attached is utilized during evaporation to ensure uni 
form thickness of the resulting photoconductor layer. 
During evaporation of the arsenic triselenide, the tem 
perature of the phenoxy coated electrode is maintained 
at about 45° to about 50° C in order that the resulting 
photoconductive layer of arsenic triselenide has good 
appearance and mechanical properties. The amount of 
arsenic triselenide placed in the boat is such that the 
resulting photoconductive layer has a thickness of 
about 8 um, determined by multiple beam interferrom 
etric measurements. ‘ 

Subsequently, a gold electrode is evaporated onto the 
free surface of the arsenic triselenide. The gold elec 
trode in contact with the photoconductive layer is then 
connected to the negative terminal of a variable DC. 
voltage source and the positive terminal thereof is con 
nected to the electrode in contact with the phenoxy 
insulating layer. 

EXAMPLE 11 

The procedure of Example 1 was followed to form 
gain photocurrent devices each of which comprised an 
insulating layer material different from that of other 
sample devices. In each of the sample devices, the 
electrodes are gold with the gold electrode adjacent the 
insulating layer being semi-transparent and about 50% 
transmissive to light whereas the gold electrode in 
contact with the photoconductive layer has a thickness 
of about 2,000A. In all samples, the incident light is at 
a wavelength of about 454 nm and at a flux of about 
4.58 X 1011 photons/cmz-sec; the photoconductive 
layer is arsenic triselenide and is about 10 microns 
thick; the insulating layer thicknesses are between 
about 200 and about 300A. 

TABLE 1 

Insulating Layer VEX l0“-’l"/cm)‘” Gain 
Material where E = ?eld across Photocurrent 

the insulating layer (A/cm’) 

Phenoxy 5.4 10" 
Phenoxy 9.2 7.5X10" 
Phcnoxy 13.9 4X10" 
ol (2- ro ene-Z 

gntiiracgneg 6.2 3.1Xl0'8 
poly(2-propene-2‘ 
anthracene) 7.8 29x10‘7 
01 (2- r0 ene-2 

apntiiracgneg 8.8 1.3Xl0" 
poly(2-viny1 
anthracene) 5.3 3.5X10‘“ 

anthracene) 7.9 3.5X10‘7 

anthracene) 8.7 8X10‘7 
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The above data is representative of that obtained 

from a while host of experiments on the three above 
identi?ed materials for the insulating layer. It is seen 
from the above representative data that the gain photo 
current does vary with the identity of the insulating 
material utilized in the insulating layer of the gain pho 
tocurrent device. 

EXAMPLE 111 

The procedure of Example 1 is followed to produce a 
gain photocurrent device having the gold electrodes of 
Example 11 and a phenoxy insulating layer of a thick 
ness of between 200 to about 300A. The gain photo 
current is measured as a function of the temperature at 
which the phenoxy material is maintained. The follow 
ing data are representative of the data obtained. 

TABLE II 

\/E X l0"~'('/cm)"’ Temperature Gain Photocurrent 
(°K) (Pl/Cm’) 

2 277.7 8.5><10"° 
" 294.1 3.4)(10'a 
" 313.2 l.8><10‘9 
10 277.7 3.7X10'8 
" 294.1 9.3X10“a 
" 313.2 2.8X10‘7 
" 330.2 14x10“ 
14 277.7 2.5><1O‘7 
" 294.1 4.7X10‘7 
" 313.2 1.1X10“ 
" 330.2 4.3X10" 

The above representative data show that the gain 
photocurrent is dependent upon temperature. 

EXAMPLE IV 

The procedure of Example I and the electrodes and 
photoconductive layer of Example 111 are utilized in 
fabricating gain photocurrent device samples. In each 
sample, however, the insulating material is varied. An 
applied electrical ?eld of about 1.5 X 105 V/cm is ap~ 
plied to each sample and the excitation light is at a 
wavelength of 454 nm at a flux of about 1.05 X 1013 
photons/cm2-sec. 

TABLE 111 

Insulating Layer Insulating Layer Gain Photocurrent 
Material Thickness (A/cm’) 

(A) 

polyvinyl 
carbazole 250 10‘5 
A 70/30 weight 
percent co 
polymer of 
styrene and n 
butylmeth 
acrylate 913 5.6X10“ 
A 65/35 weight 
percent co 
polymer of 
styrene and n 
butylmeth 
acrylate 653 9X 10“ 
LEXAN 803 6.8x l0" 
polystyrene 845 4.5X10“ 
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The above data demonstrate that the gain photocur 

rent does vary with the identity of the insulating mate 
rial. A comprehensive review of all of the data ob 
tained, however, demonstrates that the amount of gain 
photocurrent is not substantially affected by the thick 
ness of the insulating layer for any given identity of 
insulating material utilized in the insulating layer. 

EXAMPLE V 

Experiments were conducted to determine whether 
the excitation light intensity-has an effect on the gain 
photocurrent obtained. The procedure of Example I 
was followed to provide a gain photocurrent device 
having the gold electrodes of Example III and compris 
ing a phenoxy insulating layer at a thickness of about 
6500A, and a selenium photoconductive layer at a 
thickness of about 25 microns. The excitation light was 
at a wavelength of about 454 nm. The photon ?ux of 
the excitation light was varied and the primary and gain 
photocurrents observed were as follows: at a flux of 4 X 
10" photonslcmz-sec the primary current is measured 
to be about 4 X 10‘8 amps/cm2 while the gain photocur 
rent is measured to be about 2.5 X 10" amps/cm"; at a 
flux of about 1.5 X 1012 photonslcmz-sec the primary 
current was measured to be about 10"’ arnps/cm2 and 
the gain photocurrent was measured to be about 5 X 
10" amps/cm’; at a ?ux of about 4 X l0l2 pho 
tonslcmz-sec the primary current was measured to be 
about 3 X 10''‘ amps/cm2 and the gain photocurrent 
was measured to be about 1.5 X 10" amps/cm’; and, at 
a ?ux of about 1.2 X l0‘a photonslcmz-sec the primary 
current was determined to be about 8 X 10'7 amps/cmz 
and the gain photocurrent was determined to be about 
3.5 X 10" amps/cm’. 
This data shows a linear relationship between gain 

photocurrent and excitation light ?ux for a selenium 
photoconductive layer. 

EXAMPLE VI 

The procedure of Example I is utilized to provide a 
gain photocurrent device having the gold electrodes of 
Example III and comprising a phenoxy insulating layer 
at a thickness of about 100A and an arsenic triselenide 
photoconductive layer at a thickness of about 8 mi 
crons. The applied electrical ?eld is at about 1.5 X 105 
V/cm and the excitation light is at a wavelength of 
about 498 nm. The primary current and gain-photocur 
rent were measured as a function of varying excitation 
light ?ux. The following data are representative of the 
data obtained: at a ?ux of about 1012 photons/cmz-sec, 
the primary current was measured to be about 1.3 X 
10" amps/cmz and the gain photocurrent was mea 
sured to be about 1.8 X 10" amps/cm’; at a flux of 
about 8 X 10" photons/cm‘-sec, the primary current 
was measured to be about 9 X 10" amps/cm2 and the 
gain photocurrent was observed to be about 6.5 X 10" 
amps/cm’; and, at a ?ux of about 1.6 X 1013 pho 
tonslcmz-sec the primary current was measured to be 
about 1.5 X 10' amps/cmz and the gain photocurrent 
was measured to be about 1.8 X 10" amps/cm’. 
A comprehensive review of the complete set of data 

indicates that for arsenic triselenide the primary cur 
rent varies linearly with the ?ux or intensity of the 
excitation light but that the gain photocurrent is pro 
portional to the square root of the light intensity. It is 
further indicated as one skilled in the art might expect, 
that the gain photocurrent varies with the identity of 
the photoconductive material. For example, it is noted 

5 
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that the arsenic triselenide photoconductive layer pro 
vides about four times as much gain photocurrent as 
the selenium photoconductive layer although its elec 
trical ?eld in only about one-half the strength of that 
utilized in the device containing the selenium photo 
conductive layer. This is not attributable to the differ 
ence in thicknesses between the phenoxy insulating 
layers utilized in the two gain photocurrent devices as 
will be seen in Example VII,.below. 

EXAMPLE VII 

The procedure of Example I is utilized to provide 
gain photocurrent devices having the gold electrodes of 
Example III, phenoxy insulating layers of various thick 
nesses, and a photoconductive layer thickness of about 
6 microns. Two sets of samples are made wherein the 
?rst set comprises arsenic triselenide and the second 
set comprises selenium, as the photoconductive layers. 
Each set of devices contains phenoxy insulating layers 

20 varying from about 10 to about 7000A in thickness. 
The ?rst set of devices containing the arsenic trisele 
nide photoconductive layer have an electrical ?eld 
applied at a strength of about 1.5 X 10‘ V/cm whereas 
the second set of devices comprising the selenium pho 

25 toconductive layers have an electrical ?eld applied at a 
strength of about 4 X 105 V/cm. The excitation light 
utilized in operating both sets of devices is at a wave 
length of about 454 nm and at a ?ux of about 1.05 X 
1013 photons/cmz-sec. Gain photocurrent is observed in 

30 the arsenic triselenide devices for phenoxy layers rang 
ing from about 10 to about 3000A in thickness and the 
measured gain photocurrent is observed to be within 
the range from about 4 X 10‘6 amps/cm2 to about 2 X 
10‘5 amps/cm2 and therefore varies little over a wide 

35 range of insulator thicknesses. It is especially notewor 
thy that gain photocurrent is observed in the arsenic 
triselenide devices with an insulation layer as thick as 
about 3000A. 
The set of devices containing the selenium photocon 

40 ductive layers exhibit photocurrent gain with insulating 
layers having thicknesses from about 10 to about 
7000A. 
Tha gain photocurrent is measured for these thick~ 

nesses to be within the raange of from about 2.8 X 10'6 
45 amps/cm2 to about 7 X 10-6 amps/cm”. Again, the gain 

photocurrent varies little over a wide range of insulator 
thicknesses. Again, it is especially noteworthy that gain 
photocurrent was observed in devices comprising the 
selenium photoconductive layer and having insulating 

5° layer thicknesses as great at about 7000A. 

EXAMPLE VIII 

The procedure of Example I is followed to provide 
gain photocurrent devices for studying the effect of an 

55 applied electrical ?eld on the resulting gain photocur 
rent. The devices comprise an indium oxide coated 
glass substrate as a semi-transparent anode overcoated 
with an about 400A thick phenoxy insulating layer 
which, in turn, is coated with an about 6.2 micron thick 

60 arsenic triselenide photoconductive layer. The cathode 
in contact with the photoconductive layer is an alumi 
num electrode. During operation of the devices, excita 
tion light at a wavelength of about 454 nm and at a ?ux 
of about 1.05 X 1013 photons/cmZ-sec is utilized. The 

65 voltage, and therefore the applied ?eld, is set at vari 
able settings and at each setting the resulting measured 
primary current and gain photocurrent are measured. 
The primary current tends to saturate at approximately 
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1.1 X 10‘6 amps/cmz, corresponding to a quantum 
efficiency of about 0.73. The gain photocurrent shows 
no sign of saturation and increases proportionally to 
the square of the applied electrical ?eld. Data repre 
sentative of thelcomplete set of data upon which the 
foregoing observations were made include the follow 
ing: at an applied ?eld of about 4 X 10‘ volts/cm, the 
measured primary current is 7 X 10_7 amps/cm2 and the 
gain photocurrent is measured to be about 1.3 X 10'6 
amps/cmz; at an applied electrical ?eld strength of 
about 105 V/cm, the primary current is measured at 
about 10‘6 amps/cm2 and the gain photocurrent is mea 
sured to be about 7.5 X 10‘6 ampslcmz; and at an ap 
plied ?eld strength of about 2 X 105 V/cm. the primary 
current is measured to be about 10‘6 amps/cmz and the 
gain photocurrent is measured to be about 3 X lO‘s 
amps/cm? 

EXAMPLE [X 

The electro-optic device of FIG. 2 is prepared ac 
cording to the procedure of Example I to provide an 
imaging device comprising the indium oxide coated 
electrode of Example Vlll overcoated with a phenoxy 
insulating layer at a thickness of about l00A, the phe 
noxy insulating layer being overcoated with an about 
8.5 micron thick arsenic triselenide photoconductive 
layer. and the photoconductive layer being overcoated 
with an about l3 micron thick cholesteric liquid crys 
talline layer in the Grandjean texture and another in 
dium oxide coated electrode in contact with the free 
side of the cholesteric liquid crystalline layer. A voltage 
of about 100 volts is applied to the device with the 
electrode 4 electrically connected to the negative ter 
minal of the voltage source and the indium oxide 
coated electrode 1 connected to the positive terminal 
of the voltage source. The voltage source is a DC. 
voltage. The cholesteric liquid crystalline composition 
utilized in the liquid crystalline layer comprises 80 
weight percent p-methoxy-benzylidene~p-n-butylani 
line (MBBA) and 20 weight percent cholesteryl oleyl 
carbonate (COC). The device active area is about 4 
cm2. 
An excitation light having a wavelength of about 9.2 

X 1013 photonslcmz-sec incident on the phenoxy side of 
the device through the indium oxide coated electrode is 
utilized. After application of the voltage, exposures of 
about 14 msec pulse duration are given at intervals of 
about 20 seconds, and the current is measured at each 
exposure. The ?rst exposure pulse produces a peak 
current of about 13.5 X 10‘6 amps which returns to a 
dark current level of below about 0.1 X 10‘6 amps 
within about 100 msec. The second, third, and fourth 
pulse produce no signi?cant change. However, at the 
?fth excitation pulse, the dark current after the light 
excitation begins to show some increase in magnitude 
and duration prior to returning to a level below about 
0.1 X 10‘6 amps. The sixth excitation pulse produces a 
signi?cant increase in magnitude and duration of the 
dark current. This phenomena indicated that each exci 
tation pulse generates trapped electrons at the phe 
noxy/arsenic triselenide interface which are stable 
under the applied electric ?eld. Apparently, as more 
pulsed exposures are give, trapped electrons acuumu 
late at the phenoxy/arsenic triselenide interface; hence 
the electrical ?eld across the phenoxy insulating layer 
keeps increasing. Eventually the electrical ?eld en 
hancement becomes high enough for the injection of 
positive charges or holes to become signi?cant. The 
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total negative charge accumulated at the phenoxy/ar 
senic triselenide interface after the ?fth light pulse as 
calculated from the total charge flow per light pulse in 
these experiments is found to be about 0.65 X 10‘6 
coulomb/cm? This value agrees very well with the 
average critical charge, or total charge of primary cur 
rent prior to the onset of gain photocurrent or second 
ary current, noted in Table IV below. 
These observations and correlations made in this 

Example lX indicate that the excitation light need not 
necessarily be continuously impinging on the photo 
conductive layer prior to onset of secondary current or 
gain photocurrent, but that pulsed light can be utilized 
to initiate the onset of gain photocurrent. Mechanisti 
cally, the observations and correlations indicate that 
trapping of charges does indeed occur at the interface 
between the insulating layer and photoconductive 
layer. 

EXAMPLE X 

The imaging device with the imaging layer of Exam 
ple [X is subjected to a steady relatively low intensity 
illumination at a wavelength of about 545 nm and at a 
?ux below 1012 photons/cmz-seo, during the applica 
tion of about 220 DC volts. The intensity of'the exci 
tation light is insuf?cient to produce a gain photocur 
rent within a few seconds and the primary photocurrent 
is insuf?cient to cause texture transformation of the 
cholesteric liquid crystalline layer from the Grandjean 
texture to the focal-conic texture. The voltage and 
excitation light are turned off. While the voltage is 
re-applied, the device is exposed to a strobe light pulse 
at an incident intensity at about 8 X 1012 photons/cmz 
pulse at about 545 nm. The intensity of the strobe light 
pulse is insuf?cient to produce a gain photocurrent and 
the primary current produced is insuf?cient to cause 
texture transformation of the cholesteric liquid crystal 
line layer. The voltage is turned off. 
The voltage is re-applied and the device is then illu 

minated with the steady low intensity illumination and 
the strobe light is pulsed once, the combined illumina 
tion providing total incident photons of at least about 9 
X 10‘2 photons/cm’. The two exposures together sub 
stantially immediately (i.e., within a fraction of a sec 
ond) generate a gain photocurrent, and the resultant 
current is sufficiently high to cause a texture transfor 
mation in the cholesteric liquid crystalline layer from 
the Grandjean texture to the focal-conic texture. 

EXAMPLE XI 

The device and simultaneous exposure of Example X 
is followed; however, the strobe light is passed through 
an imagewise con?gured mask which permits only im 
agewise con?gured strobe light to impinge the device. 
The cholesteric liquid crystalline layer is transformed 
in texture from the Grandjean to the focal-conic tex 
ture in imagewise configuration corresponding to the 
imagewise con?gured strobe light impinging the de 
vice. 

EXAMPLE Xll 

Example X is followed except that the low intensity 
illumination is in imagewise con?guration and the 
strobe light uniformly impinges the device. 

EXAMPLE XII] 
The electro-optic device of Example IX is provided. 

A voltage of about 200 volts DC. is utilized. The alumi 
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num electrode is electrically connected to the negative 
terminal of the voltage source and the indium oxide 
coated electrode is electrically connected to the posi 
tive terminal of the voltage source. 
The cholesteric liquid crystalline composition uti 

lized in the liquid crystalline layer comprises about 80 
weight percent MBBA and about 20 weight percent 
COC. 
A biasing light having a wavelength at about 545 nm 

at a ?ux of about 1013 photonslcmz-sec impinges the 
device uniformly through theindium oxide coated elec 
trode for about 600 msec. 
An about 200 msec pulse of gating light having a 

wavelength of about 545 nm and a flux of about 10"‘ 
photonslcmz-sec is directed to impinge the device 
through the indium oxide coated electrode in an image 
wise con?guration. The liquid crystalline layer images 
in imagewise con?guration corresponding to the con 
?guration of the imagewise con?gured gating light. The 
voltage is turned off. 

EXAMPLE XIV 

Example XIII is repeated except that the biasing light 
does not uniformly impinge the device but rather is in 
imagewise con?guration and the gating light is not in 
imagewise con?guration but rather uniformly impinges 
upon the device. The same sequence of steps leads to 
the same observations made in Example XIII. 

EXAMPLE XV 

Example XIII is repeated except that the biasing light 
is omitted. The liquid crystalline layer does not image. 

EXAMPLE XVI 

Example XIII is repeated except that the gating light 
is omitted. The liquid crystalline layer does not image. 

In further elaboration of the independent nature of 
the charge threshold for gain photocurrent with respect 
to light intensity the following data in Table IV, below, 
is presented. These results were obtained on a device 
having an about 8pm thick arsenic triselenide photo 
conductive layer and an about 100A phenoxy insulat 
ing layer. The wavelength of excitation light utilized 
was at about 498 nm. The only parameter varied is that 
of incident light ?ux. 

TABLE IV 

Incident Light Primary Pre-Gain Total 
Flux Current t,-t, Charge 

(photons/cm’-sec) (MA/cm’) (see) (IsC/cm') 

9.26Xl0" 012 4.90 0.59 
l.77><l0‘* 0.21 2.84 0.60 
2.80Xl0" 0.32 L82 - 0.58 
5.33Xl0" 0.52 [.10 0.57 
BASXIO" 0.9l 0.67 0.6l 
LGIXIO" 1.46 0.42 0.6l 

The tabulated data in Table V demonstrates that the 
gain photocurrent varies signi?cantly with the work 
function of the electrodes. These data were taken on a 
device comprising an about 8pm thick layer of arsenic 
triselenide as the photoconductive layer and an about 
lOOA thick phenoxy layer as the insulating layer. The 
applied potential was at a strength of about 105 V/cm. 
the excitation light incident on the device was at a 
wavelength of about 454 nm and at a flux of about 2 X 
l0l2 photonslcmz-sec. 
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TABLE V 

Electrode Material Gain Photocurrent Work Function 
(,u-A/cm’) (eV) 

Aluminum 2.7><l0'7 4.0 
Silver 5.2Xl0" 4.3 
Copper 6.0)(10‘7 4.6 
Tin Oxide 1.5Xl0'“ 4.8 
Gold 1.6Xl0“ 5.0 

The data of Table V, above, demonstrates that the 
gain photocurrent varies signi?cantly with the work 
function of the electrode ‘material. Table V also further 
illustrates the general statement previously made that 
the characteristics of the photoconductor layer, insu 
lating layer and electrodes should be matched in order 
to obtain even larger gain photocurrents. It will be 
noted that the photoconductive material utilized in the 
device from which the Table V data was obtained was 
arsenic triselenide, an alloyed photoconductor, which 
we indicated typically preferentially conducts positive 
charge or holes. Accordingly, we previously indicated 
that where the photoconductive material exhibited this 
characteristic, the electrode material should be se 
lected to have a high work function. From Table V it 
can be seen that the higher the work function of the 
electrode material, the higher the gain photocurrent. 

It will be appreciated that other variations and modi 
?cations will occur to those skilled in the art upon a 
reading of the present disclosure. These are intended to 
be within the scope of this invention. 
What is claimed is: 
l. A method of changing at least one characteristic of 

a layer of liquid crystalline composition, said character 
istic being responsive to applied voltage, comprising: 

a. providing a sandwiched structure comprising, in 
turn, a ?rst electrode, an insulating layer, a photo 
conductive layer, said layer of liquid crystalline 
composition, and a second electrode; the thickness 
ratio of said photoconductive layer to said insulat 
ing layer being at least about 10 to l; 

b. ‘applying a DC. voltage across said insulating, 
photoconductive and liquid crystalline layers; 

0. impinging said photoconductive layer with biasing 
light having a wavelength within the fundamental 
absorption band of said photoconductive layer 
wherein a primary photocurrent is excited with said 
photoconductive layer; 

d. removing said biasing light at about the charge 
threshold for gain photocurrent within said photo~ 
conductive layer; and 

e. after a non-zero time interval impinging said pho 
toconductive layer with a gating light having a 
wavelength within the fundamental absorption 
band of said photoconductive layer and which ex 
cites a primary photocurrent within said photocon 
ductive layer suf?cient to provide a total primary 
photocurrent charge accumulation above the 
charge threshold for gain photo current within said 
photoconductive layer. 

2. The method of claim 1 wherein said photoconduc 
tive layer comprises a photoconductive material which 

65 preferentially conducts negative charge. 
3. The method of claim 2 wherein said insulating 

layer comprises an insulating material having an elec 
tron af?nity greater than about 1.5 eV. 
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4. The method of claim 3 wherein at least one of said 
electrodes comprises a material having a work function 
of less than about 4.5 eV. ' 

5. The method of claim 4 wherein said at least one 
electrode is adjacent the insulating layer. 

6. The method of claim 5 wherein said at least one 
electrode comprises material selected from the group 
consisting of silver, indium, tin and aluminum. 

7. The method of claim 1 wherein said photoconduc 
tive layer comprises photoconductive material which 
preferentially conducts positive charge. 

8. The method of claim 7 wherein said insulating 
layer comprises an insulating material having an ioniza 
tion potential less than about 8 eV. 

9. The method of claim 8 wherein at least one of said 
electrodes comprises a material having a work function 
greater than about 4.5 eV. 

10. The method of claim 9 wherein said at least one 
electrode is adjacent said insulating layer. 

11. The method of claim 10 wherein said at least one 
electrode comprises a material selected from the group 
consisting of platinum, copper, gold, tin oxide, and 
indium oxide. 

12. The method of claim 1 wherein said layer of 
liquid crystalline composition comprises a material 
selected from the group consisting of nematic liquid 
crystalline materials, cholesteric liquid crystalline ma 
terials and mixtures of cholesteric liquid crystalline 
materials with nematic or smectic liquid. crystalline 
materials. 

13. The method of claim 1 wherein said layer of 
liquid crystalline composition comprises about 80% by 
weight p-methoxy-benzylidene-p-n-butylaniline and 
about 20% by weight cholesteryl oleyl carbonate. 

14. The method of claim 13 wherein said total pri 
mary photocurrent charge accumulation above the 
charge threshold for gain photocurrent is continued for 
a period of time sufficient to cause said imaging layer to 
undergo transformation from the Grandjean texture to 
the focal conic texture. 

15. The method of claim 14 wherein one of said 
biasing light and gating light is in imagewise con?gura 
tion and the other of said biasing light and gating light 
uniformly impinges said photoconductive layer, 
wherein the Grandjean to focalconic texture transfor 
mation occurs in imagewise con?guration. 

16. The method of claim 15 further including the step 
of removing the DC voltage subsequent to the image 
wise texture transformation. 

17. The method of claim 1 wherein said gating light is 
provided by a cathode ray tube. 

18. A method of imaging, comprising: 
a. providing, in turn, in sandwich con?guration, a 

?rst electrode, an insulating layer, a photoconduc 
tive layer, a layer of liquid crystalline composition 
having the optical characteristics of the cholesteric 
mesophase in the Grandjean texture, and a second 
electrode; the thickness ratio of said photoconduc 
tive to insulating layer being at least about 10 to l; 

b. applying a DC. voltage across said insulating; 
photoconductive and liquid crystalline layers; 

c. impinging said photoconductive layer with a bias 
ing light having a wavelength within the fundamen 
tal absorption band of said photoconductive layer 
wherein a primary photocurrent is excited within 
said photoconductive layer; 
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d. removing said biasing light at about the charge 
threshold for gain photocurrent within said photo 
conductive layer; and 

e. impinging said photoconductive layer with gating 
light having a wavelength within the fundamental 
absorption band of said photoconductive layer and 
which excites a primary photocurrent within said 
photoconductive layer sufficient to provide a total 
primary photocurrent charge accumulation above 
the charge threshold for gain photocurrent within 
said photoconductive layer; one of said biasing 
light and said gating light being in imagewise con 
?guration and the other of said biasing light and 
gating light impinging said photoconductive layer 
uniformly. 

19. The method of claim 18 wherein said gating light 
is in imagewise con?guration. 

20. The method of claim 19 wherein said imagewise 
con?gured gating light is provided by a cathode ray 
tube. 

21. The method of claim 18 wherein said photocon~ 
ductive layer comprises photoconductive material 
which preferentially conducts positive charge. 

22. The method of claim 21 wherein said insulating 
layer comprises an insulating material having an ioniza 
tion potential less than about 8 eV. 

23. The method of claim 22 wherein at least one of 
said electrodes comprises a material having a work 
function greater than about 4 eV. 

24. The method of claim 23 wherein said at least one 
electrode is adjacent said insulating layer. 

25. The method of claim 24 wherein said at least one 
electrode comprises a material selected from the group 
consisting of platinum, copper, gold, tin oxide and 
indium oxide. 

26. The method of claim 18 wherein said liquid crys 
talline composition comprises about 80% by weight 
p-methoxy-benzylidene-p-n-butylaniline and about 
20% by weight cholesteryl oleyl carbonate. 

27. The method of claim 26 wherein said insulating 
layer comprises an insulating material selected from 
the group consisting of phenoxy resin, poly (2-propene 
anthracene), poly (Z-vinyl-anthracene) and poly [1-(2 
anthryl )ethylmethacrylate ]. 

28. The method according to claim 1 wherein said 
insulating layer is an organic insulating layer. 

29. A method of changing at least one characteristic 
of a layer of liquid crystalline composition, said charac 
teristic being responsive to applied voltage, comprising: 

a. providing a sandwich structure comprising, in turn, 
a ?rst electrode, an insulating layer, a photocon 
ductive layer, said layer of liquid crystalline com 
position, and a second electrode; the thickness 
ratio of said photoconductive layer to said insulat 
ing layer being at least about 10 to l; 

b. applying a DC. voltage across said insulating pho 
toconductive and liquid crystalline layers; 

c. impinging said photoconductive layer with biasing 
light having a wavelength within the fundamental 
absorption band of said photoconductive layer 
wherein a primary photocurrent is excited within 
said photoconductive layer; 

d. removing said biasing light at about the charge 
threshold for gain photocurrent within said photo 
conductive layer; and 

e. impinging said photoconductive layer with a gating 
light having a wavelength within the fundamental 
absorption band of said photoconductive layer and 
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which excites a primary photocurrent within said 
photoconductive layer suf?cient to provide a total 
primary photocurrent charge accumulation above 
the charge threshold for gain photocurrent within 

65 

22 
c. impinging said photoconductive layer with biasing 

light having a wavelength within the fundamental 
absorption band of‘ said photoconductive layer 
wherein a primary photocurrent is excited within 

said photoconductive layer; said biasing light being 5 said photoconductive layer; 
in imagewise configuration and said gating light d. removing said biasing light at about the charge 
impinging said photoconductive layer in at least threshold for gain photocurrent within said photo 
one area previously struck by said biasing light. conductive layer; and 

30. A method of changing at least one characteristic 1 0 e. impinging said photoconductive layer with a gating 
of a layer of liquid crystalline composition, said charac- light having a wavelength within the fundamental 
teristic being responsive to applied voltage, comprising: absorption band of said photoconductive layer and 

a. providing a sandwiched structure comprising, in which excites a primary photocurrent within said 
turn, a first electrode, an insulating layer, a photo- photoconductive layer sufficient to provide a total 
conductive layer, said layer of liquid crystalline 15 primary photocurrent charge accumulation above 
composition, and a second electrode; the thickness the charge threshold for gain photocurrent within 
ratio of said photoconductive layer to said insulat- said photoconductive layer; said biasing light im 
ing layer being at least about 10 to l; pinging said photoconductive layer uniformly and 

b. applying a DC. voltage across said insulating, said gating light being in imagewise con?guration. 
photoconductive and liquid crystalline layers; 20 * * * * * 
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PATENT NO. 3' 3, 94-4, 332 

DATED : March 16, 1976 

|NV‘ENTOR(S) : Simpei Tutihasi and Kyler ‘F. Nelson 

It is certified that error appears in the above-identified patent and that said Letters Patent 
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